During 1976 a study of annual production and cover (litter + rock + vegetation) on various range improvement practices was conducted in Utah, Colorado, New Mexico, and Arizona. The range improvement practices studied included gully plugs, contour furrowing, pitting, pinyon-juniper chaining, and various sagebrush control treatments.
increases were uniformly small (tree cover included) and no clear pattern emerged with either soil texture or soil type. Only about 20% of the various sagebrush treatments showed significant increases in cover; 10% indicated decreased cover, and there was no impact on cover on the remaining 70% of the treatments. Pitting treatments in this study had no impact on cover.
Age of contour furrow treatments made little difference as to whether there was a significant increase or decrease in either production or cover. Cover data from pinyon-juniper chainings indicate either that significant increases in cover (if they occur) are slightly more dramatic on more recent treatments, or that treatments approximately 11 years old represent conditions most ideal for enhanced cover. The former interpretation is probably more nearly correct. Production data suggests that pinyon-juniper sites chained since 1964 are not as favorable in terms of increased production as those chained prior to 1964. Age of sagebrush treatment had no impact on significant changes in cover; however, a general trend indicated that production increases are slightly higher for more recent sagebrush ripping and sagebrush chaining treatments than for older ones.
The upper and lower Colorado River basins, rapidly growing in population and size, face increasing problems concerning water quality. The concern is particularly noticeable in terms of the increasing dissolved solid content of the Colorado River itself. The growing awareness that chemical constituents are an integral part of the hydrologic system has led to a greater emphasis on determining sources and causes of dissolved solids and their relationship to physical system parameters. One particular aspect of current interest is the determination of the impacts of various rangeland manipulation treatments on salinity. If such impacts can be identified, then strategies may be developed for decreasing the salinity problem and improving water quality. The major emphasis of this study is directed to the practical application of range improvement practices for eventual formulation of land management programs that may influence infiltration and surface run-off and help reduce the and Utah juniper (Juniperus osteosperma) are the dominant species diffuse salt production from wildland watersheds. that are found mainly on mountain slopes, plateaus, and foothill
The objective of this study was to determine the impact of terraces on shallow and stony areas where the climate is dry-subhumid existing land treatments on watershed cover and annual proDuring the period from 1945 to 1970, vegetation conversion duction. Reviews of the impact of various range improvements practices were attempted on the various study sites. The primary practices on selected watershed characteristics have recently purpose of the conversion practices was to improve range condition been given by Gifford (1975) and Wight (1975 were measured on all sampling sites using the step-point method of Alfisols) are commonly leached, well developed, and acid in reaction. sampling (Evans and Love 1957) . Fifty points were read on each of This is due to higher precipitation, lower temperature, and coniferous
for a total of 200 points per treatment. As with type trees. On sites where annual rainfall is lower, leaching of production measures, cover measurements were taken only on uncarbonates from the soil is not well developed (Aridisols), and there grazed or lightly grazed portions of each treatment site.
has been little translocation of clay in the profile (Wilson 1975 Figure 2 it is apparent that production on contour gracilis) are found. At higher elevations pinyon-pine (Pinus edulis) furrowing treatments is significantly increased on typic usti- fluvents and ustollic haplargid soils. Annual production on contour furrowed sites with typic cryboralf and typic argiboroll soils was significantly decreased (one site each). No significant changes in annual production were measured on sites with other soil types. Figure 3 shows the impact of pinyon-juniper chaining on annual production as a function of soil texture. There was a significant increase in production on nearly all chained sites. The greatest increase in production was measured on sites with coarser loam soils, with lesser increase on sites with clay loam soils. Figure 4 indicates that annual production was significantly increased across a variety of soil types. The greatest increase was on one site characterized by a typic haplustoll.
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Pinyon-Juniper Chaining
Pitting
On the two pitting treatments a significant reduction in annual production due to treatment was noted on clay soils, while on a sandy clay loam site no impact of pitting was measured. Soil on the former site was classified as a typic torriorthent and on the latter site as a typic torrifluvent.
Various Sagebrush Treatments
Figures 5 and 6 show the variable production response among various sagebrush treatments as a function of soil texture and soil type, respectively. There appears to be a general trend for sagebrush treatments to be most successful on loam soil, though significant decreases in production were noted for three treatments on loam soils. Plowing was the least successful sagebrush treatment studied. Figure 5 indicates that annual production was significantly increased on two out of four sites on sandy loam soils and on one of three sites on loam soils. Annual production on one site with loam soil was significantly decreased due to railing.
Sagebrush Railing
negatively to treatment, showed no response whatsoever, or showed a poor response to treatment (for example, one site out of five on ustic torriorthents).
Sagebrush Chaining
The most favorable response to chaining sagebrush was on loam soils, though not all sites showed a significant response to treatment and one site showed a significant decrease in production due to treatment ( Figure 5 ). The most favorable sites appeared to be those on sandy clay loam and clay loam soils, Figure 6 shows a mixed response to soil type, though the greatest increases in production were noted on typic calciorthids and lethic argiustolls. The least favorable sites were on ustollic haplargids, borollic haplargids, typic ustifluvents , and aridic argiustolls.
Sagebrush Plowing
Plowing was effective in increasing production on one site Figure 6 indicates that annual production on two of the five sites on ustollic haplargid soils was significantly increased due to railing, while production on one site with the same soil type was significantly decreased. Annual production on a single site on typical calciorthid soils significantly increased due to treatment .
Sagebrush Ripping
Five of 13 sagebrush ripping sites showed a significant increase in annual production due to treatment. As shown in Figure 5 , one site was on sandy clay loam soil, three sites were on clay loam soils, and one site was on a clay soil. One site (out of 13 ,) , on clay loam soil, had significantly less production on the treated portion.
From Figure 6 it is apparent that most favorable response to ripping occurred on typic torriorthents, typic camborthids, and ustic haplargids.
Sites on other soil types either responded out of five. Soil on the one favorable site was classified as a typic agriustoll (Fig. 6) .
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Cover Measures
Contour Furrowing Cover on 7 of 11 contour furrow treatment sites increased across a broad spectrum of soil textures and soil types (Figs. 1  and 2 ). Cover increases were greatest on sandy clay loam and loam textured soils and on typic torriorthent and ustic torriorthent soil types.
Pinyon-Juniper
Chaining Though cover increases due to chaining were noted on 8 of 14 pinyon-juniper sites on a variety of soil textures and soil types, the increases were uniformly small (Fig. 3 and 4) . No clear pattern emerged from either soil texture or soil type.
Pitting
Significant changes in percent cover due to pitting were not detected on either the sandy clay loam or clay textured site sampled in this study, and so were not illustrated.
Various Sagebrush Treatments
Railing
As indicated in Figure 7 , the only sites showing increased cover on railed treatments were those with a loam texture and with soils classified as ustollic haplargids (Fig. 8 ). Four sites with sandy loam soils showed no response to railing in terms of either increased or decreased cover.
Ripping
Cover responses to ripping treatments on sagebrush sites were mixed and generally not impressive ( Fig. 7 and 8) . Recommendations based on either soil type or soil texture are not evident at this time.
Chaining
The only sites showing increased over due to chaining were four of seven sites on loam soils (Fig. 7) classified as typic claciorthids, lithic ustollic haplargids, or ustic torriorthents (Fig. 8) . Cover response to chaining was otherwise nil or negative.
Plowing
Of the five plowing treatments sampled, not a single one indicated increased cover on the treated area ( Fig. 7 and 8) . One site on clay loam soils indicated a significant decrease in cover on the treated area.
Impact of Treatment Age on Production and Cover
Con tour Furrowing
Age of treatment made little difference as to whether there was a significant increase or decrease in either production or cover on contour furrowed sites.
Pinyon-Juniper
Chaining Figure 9 indicates the impact of age of treatment on significant changes in production and cover due to chaining pinyon and juniper. Figure 9a suggests either that significant increases in cover (where they occur) are slightly more dramatic on more recent treatments (linear interpretation) or that treatments which are approximately I 1 years old represent conditions most nearly ideal for enhanced cover (assuming again that an increase in cover occurs) (curvilinear interpretation). The former interpretation is probably more nearly correct. A linear interpretation of the data points also suggests that any cover differences that may exist would disappear after about 30 years.
Data shown in Figure 9b suggests that pinyon-juniper sites chained since 1964 are not as favorable in terms of increased production as those chained prior to 1964 (1969 data point ignored) . This is understandable in that the pinyon-juniper sites with greatest potential would probably have been chained first. Another possible explanation is that a period of transition or establishment exists for about 10 years, followed by increasing 
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March 1979 rates of production as shown for older treatments.
Various Sagebrush Treatments
Sagebrush Railing There was little evidence that age of treatment (within the limits of this study) had any impact on measured site response.
Sagebrush Ripping
Significant increases or decreases in cover or ripped sagebrush sites showed no apparent trend with respect to age of treatment, as shown in Figure 10 . If one ignores the 1965 production data plotted at 0.50 in Figure 10 , then a trend indicates that production increases (if they occur) are slightly more dramatic for more recent treatments than for older ones, and that increases, once established, might be expected to last for about 20 years.
Sagebrush Chaining
Data indicates no clear pattern as to the influence of age of chaining treatment on significant changes in either production or cover.
Sagebrush Plowing
Plowing treatments sampled in this study were nearly all detrimental in terms of increasing cover or production on the treated site, regardless of age of treatment.
Summary and Conclusions
During 1976 a land treatment study was conducted in Utah, Colorado, New Mexico, and Arizona. The range improvement practices studied included gully plugs, contour furrowing, pitting, pinyon-juniper chaining, and various sagebrush control treatments. Specific objectives of this study were to investigate the impacts of the various range improvement practices on watershed cover and annual production. The following summarizes the various findings:
1. About 33% of the contour furrowed sites indicated significant increases in annual production. The best responses were associated with loam or clay loam soil textures. Soils classified as typic ustifluvents or ustollic haplargids were most favorable in terms of increased production, while production on soils classified as typic cryoboralfs or typic argiborolls decreased significantly.
2. Annual production significantly increased due to pinyonjuniper chaining across a variety of soil types (growth of trees excluded on both treated and untreated sites). The greatest increases in production were associated with loam soil sites classified as typic haplustolls, while the smallest increases were on sites characterized by aridic argiborolls.
3. From the two pitting treatments a significant reduction in annual production due to treatment was noted on a clay soil classified as a typic torriorthent, while on a sandy clay loam site classed as a typic torrifluvent no impact of pitting was measured.
4. Less than 50% of the various sagebrush treatments showed increased annual production. Sagebrush treatments appear to be most successful on loam soils, though significant decreases in production were noted for 23% of the treatments on loam soils.
Plowing was the least successful sagebrush treatment studied.
5. Cover of 67% of contour furrowed sites increased across a variety of soil textures and soil types. Cover increases were greatest on sandy clay loam and loam soil and typic torriorthent or ustic torriorthent soil types.
6. Increases on cover due to chaining were noted on 57% of the pinyon-juniper sites across a variety of soil textures and soil types. However, the increases in cover were uniformly small (tree cover included on both treated and untreated sites), and no clear trend was indicated with either soil texture or soil type.
7. Significant changes in cover due to either of the two pitting treatments were not detected.
8. Increases in cover were noted on 29% of the railed sagebrush sites with no impact on cover for the remaining 7 1%.
9. Increases in cover were noted on 27% of the chained sagebrush sites. Seven percent indicated reduction in cover and the remaining 66% showed no impact on cover.
10. Significant reductions in cover were noted on 20% of the plowed sagebrush sites. The remaining 80% of the plowing treatments had no impact on cover.
11. Increase in cover was noted on 15% of the ripped sagebrush sites. Fifteen percent indicated reduction in cover and the remaining 70% had no impact on cover.
12. Age of contour furrowing treatments made little difference as to whether there was a significant increase or decrease in either production or cover.
13. Increases in cover (where they occur) are either slightly more dramatic on more recent pinyon-juniper chainings or on those treatments which are approximately 11 years old and represent conditions most ideal for enhanced cover (if it occurs). The former interpretation is probably more nearly correct. Production data suggest that pinyon-juniper sites chained since 1964 are not as favorable in terms of increased production as those chained prior to 1964.
14. Age of sagebrush treatments had no impact on increases or decreases in cover; however, some general trends indicated that production increases (if they occur) on select sagebrush treatments are slightly more dramatic for more recent treatments than for older ones.
